Abstract Microbial communities from two field-scale swine wastewater treatment plants (WWTPs) were assessed by pyrosequencing analyses of bacterial and archaeal 16S ribosomal DNA (rDNA) fragments. Effluent samples from secondary (anaerobic covered lagoons and upflow anaerobic sludge blanket [UASB]) and tertiary treatment systems (open-pond natural attenuation lagoon and air-sparged nitrification-denitrification tank followed by alkaline phosphorus precipitation process) were analyzed. A total of 56,807 and 48,859 highquality reads were obtained from bacterial and archaeal libraries, respectively. Dominant bacterial communities were associated with the phylum Firmicutes, Bacteroidetes, Proteobacteria, or Actinobacteria. Bacteria and archaea diversity were highest in UASB effluent sample. Escherichia, Lactobacillus, Bacteroides, and/or Prevotella were used as indicators of putative pathogen reduction throughout the WWTPs. Satisfactory pathogen reduction was observed after the open-pond natural attenuation lagoon but not after the airsparged nitrification/denitrification followed by alkaline phosphorus precipitation treatment processes. Among the archaeal communities, 80 % of the reads was related to hydrogenotrophic methanogens Methanospirillum. Enrichment of hydrogenotrophic methanogens detected in effluent samples from the anaerobic covered lagoons and UASB suggested that CO 2 reduction with H 2 was the dominant methanogenic pathway in these systems. Overall, the results served to improve our current understanding of major microbial communities' changes downgradient from the pen and throughout swine WWTP as a result of different treatment processes.
Introduction
Brazil is the sixth largest swine meat consumer (15 kg year ) and the fourth largest exporter (0.52 Mt year −1 ) in the world [1] . The increase in swine agribusiness activities is generally accompanied by larger volumes of wastewater that requires adequate treatment prior to land application and/ or discharge into water bodies. Among the treatment processes known, anaerobic biodigesters followed by open-pond storage lagoons are widely used [2, 3] .
Molecular biology tools have been used in several studies to characterize microbial communities present in swine wastewater lagoons [4] [5] [6] [7] , pit storage [8, 9] , and anaerobic biodigesters [10] . These studies contributed to valuable information about wastewater treatment plant (WWTP) biological system performance and efficiency. Additional contributions have also been made in attempt to elucidate the effects that each particular treatment may exert on microorganism's selective pressure and growth of specific strains that could be detrimental to water quality [4, 5] and biosafety. The latter is especially important when considering the significantly high water demands employed in swine production (ranging from 0.63 to 3.63 gallons pig space −1 day −1 [11] ) and the emerging needs for water reuse [3] . Nonetheless, little is known about the microbial population shifts that are likely to occur downgradient from the swine pens throughout the different treatment processes. Therefore, the objective of this work was to investigate the microbial communities present in the effluent samples from two independent field-scale swine WWTPs. The structure of both bacterial and archaeal communities encountered on the pen floor sediment and effluents from anaerobic covered lagoons, open-pond storage lagoon, upflow anaerobic sludge blanket (UASB), and air-sparging denitrification system followed by phosphorus alkaline precipitation were assessed by high-throughput pyrosequencing analyses of 16S ribosomal DNA (rDNA) fragments. An ancillary objective of this study focused on determining the efficacy of different treatment processes on the reduction of putative pathogens based on the use of selected bacterial biomarkers.
Materials and Methods

Samples Information
Bacterial and archaeal communities thriving in effluent samples from two different swine WWTP configurations were assessed. One wastewater facility (WWTP 1) consisted of two anaerobic covered lagoons connected in series (designated as bio1 and 2, respectively) followed by a tertiary openpond storage lagoon treatment as a polishing step to remove nitrogen and phosphorus by natural attenuation. WWTP 1 has been treating the effluent of approximately 3000 confined swines from a full-scale commercial farm located in southern Brazil for the last 7 years. The other wastewater facility evaluated (WWTP 2) consisted of an UASB reactor followed by an air-sparged nitrification/denitrification tank followed by an alkaline phosphorus precipitation tank as a final treatment step to remove N and P, respectively. WWTP 2 has been treating the effluent from approximately 2850 confined swines at Brazilian Agricultural Research Corporation (EMBRAPA, Concórdia, Santa Catarina, Brazil) for the last 10 years. Physical-chemical characteristics of the effluent samples from each treatment system are depicted in Table 1 .
One-liter samples were collected directly from the effluent piping of each WWTP reactor using sterile plastic bottles. The schematic of both WWTP configurations and sampling locations is depicted in Fig. 1 . Samples were stored on ice and brought immediately to laboratory for further physicalchemical analyses and DNA extraction as described below.
Microbial community composition on the pen floor was also characterized and served as background information for the comparison in microbial community structure and diversity changes throughout the wastewater treatment processes. Sludge sample (300 g) was extracted by scrapping the sediments from the pen floor (pen).
Effluent Physical-Chemical Analysis
Biological (BOD method 5210 B) and chemical oxygen demands (COD method 522D), total nitrogen (Method 4500-Nor), total phosphorus (spectrophotometry) [12] , and pH of the effluent were analyzed by independent certified laboratories (Biosaude, Fraiburgo, SC, Brazil, and Freitag, Timbó, SC, Brazil).
DNA Extraction
Genomic DNA of the effluent was extracted using MoBio UltraClean® kit for the liquid or PowerSoil® kit (Carlsbad, CA, USA) for sediment samples according to the manufacturer's protocol. DNA concentration and purity was measured using NanoDrop (Thermo Scientific, Wilmington, DE, USA). Extracted DNA was resuspended with Tris-EDTA (TE) buffer and stored at −20°C for further analysis.
Pyrosequencing of the 16S rDNA
To amplify 16S rDNA, two primer sets were used: one for bacterial 16S and one for archaeal 16S. Bacteria 16S rDNA was amplified within hypervariable region V3 and V4 (bases 347-803) using designed primers for 454 sequencing (which included 454 adapter sequences, 10 base nucleotide barcodes, and target primer). Target primers were as follows: forward 5′-GGAGGCAGCAGTRRGGAAT-3′ and reverse 5′-CTAC CRGGGTATCTAATCC-3′ [13] . Archaea 16S was amplified between bases 571-1204. Target primers were as follows: forward 5′-GCYTAAAGSRICCGTAGC-3′ and reverse 5′-TTMGGGGCATRCIKACCT-3′ [14] . PCR was carried out using Qiagen TopTaq PCR kit as per manufacturer's specifications (Qiagen, Valencia, CA, USA). Thermal cycling was carried out at 94°C for 3 min, followed by 30 cycles of (94°C for 30 s, 55°C for 30 s, 72°C for 60 s), followed by 10 min at 72°C, and held at 4°C. PCR products were separated in a 1 % (wt/vol) gel. DNA of the correct size (527 bp for bacterial library and 704 bp for archaeal library) was recovered using a QIAquick gel extraction kit (Qiagen, Valencia, CA, USA). Gel bands were purified using the Qiagen QIAquick gel extraction kit per manufacturer's specifications. Purified DNA was eluted with TE buffer and quantified using PicoGreen fluorescent DNA quantification kit (Invitrogen, Eugene, OR, USA). 16S amplicons from different samples were pooled in equimolar concentrations. This pool was used for emulsion PCR and sequencing using Roche 454 Genome Sequencer Junior System (Roche, Branford, CT, USA). Sequencer image data was processed using the amplicon processing pipeline in the 454 Jr. software included with the sequencer.
Sequencing Analysis
All 16S rDNA pyrosequencing reads were analyzed using the original standard flowgram format (SFF) output file from the sequencer in mothur, version 1.32.1 [15] , following the 454 standard operating process (http://www.mothur.org/wiki/454_ SOP [accessed 5/05/2014]) [16] . Data denoising of the flowgram the PyroNoise algorithm [17] was used for barcode removal and quality filtering. Sequence alignment was performed in mothur using SILVA database (release 111) clustered at 97 % similarity as reference [18] . Chimeric reads were identified and removed with UCHIME algorithm [19] function implemented in mothur and performed without a reference database. The pairwise distance matrix was calculated using the one-gap method in mothur and the sequences clustered into operational taxonomic units (OTUs) at 0.03 (97 % similarity) genetic distances using the nearest neighbor method.
For bacterial and archaeal taxonomic classifications of each representative out, sequences were performed in mothur based on SILVA 111 database (release 111) [15] clustered at 97 % similarity. The relative abundances of reads per genus in bacterial and archaeal were deduced from this classification. For alpha and beta diversity analyses, samples were random subsampled and normalized to the lowest number of sequence reads obtained. Alpha diversity was estimated using Chao1 [20] , ACE [21] , Good's coverage [22] , and Shannon diversity index [23] (Table 2) . Rarefaction curves were generated with iterations of 1000 with OTU at 97 % (0.03) similarity (Supplementary material, Figure S1 ). Venn diagrams for bacterial and archaeal were obtained using OTUs clustered at 97 % (0.03) similarity and showed the number of shared OTUs (Supplementary material, Figures S2 and S3 ). In order to compare microbial communities (beta diversity) based on their phylogenetic information, a dendrogram using the theta YC calculator [24] was generated in mothur to determine similarities among the bacterial communities in the samples. Dendrogram structure was tested for statistical significance with a weighted UniFrac test [25] in mothur following 454 SOP Protocol. Finally, to visualize the distances between samples, a phylip-formatted distance matrix using theta YC distance was used to create non-metric multidimensional scaling (NMDS) plots (Fig. 2a, b) .
Comparative analysis of relevant bacteria and archaea genera between different samples was determined by Statistical Analysis of Metagenomic Profiles (STAMP) software using Gtest corrected for sampling size using Yates' continuity correction, and P value correction was calculated using Storey's FDR approach (Supplementary material, Figures S4 and S5) [26] .
Results and Discussion
A total of 56,807 and 48,859 high-quality sequence reads were obtained from bacterial and archaeal 16S rDNA, respectively. Among the samples evaluated, the effluent sample from the UASB at WWTP 2 showed the highest number of bacteria OTUs (2015 at 97 % similarity or 660 if normalized sequences) (Table 2) . However, the highest number of archaea OTUs (56 or 31 if normalized sequences) was observed in the effluent sample from bio1 at the WWTP 1. According to Shannon index, bacterial diversity from the highest to lowest was UASB > final effluent from WWTP 2 > pen floor > effluent from bio1 > final effluent from WWTP 1 > effluent from bio2 ( Table 2 ). The increased bacterial diversity observed in the UASB effluent sample could be explained by the reactor intrinsic characteristics that stimulate the growth of different microorganism communities living in syntrophic association in suspended cell granules as biofilms [27] . Bacterial communities were mostly associated with phylum Firmicutes, Bacteroidetes, Proteobacteria, or Actinobacteria.
Archaeal diversity was far lower than bacteria, and the highest archaeal diversity was found in the effluent sample from UASB followed by the final effluent of WWTP 2. The phylum Euryarchaeota was the dominant taxon in archaeal libraries of all samples evaluated. Based on Chao1, 457 and At 97 % sequence similarity in Mothur. WWTP configurations and sampling locations are depicted in Fig. 1 a Low-quality reads; denoising and chimera b Normalized 30 phylotypes were covered for bacteria and archaea, respectively (Table 2) . Coverage was lower using ACE estimator. A higher sequencing depth for bacteria would probably lead to greater phylotype coverage as compared to archaea.
Bacterial Community
Bacteria communities found in effluent samples from two independent field-scale WWTPs were compared (Fig. 2) . It is worth mentioning that microorganism's community composition is very susceptible to environmental conditions (e.g., temperature variations) as well as to different animal nutrition formulations that alter raw effluent physical-chemical composition and consequently the development of different bacteria as inoculum to WWTP. These unaccounted factors can lead to uncertainties which make microorganism comparisons with other WWTPs (or reactors) a very difficult task. In this work, however, the geographical proximity between the two WWTPs served to minimize the potential effects of environmental conditions on microorganism's selective pressure. Additionally, similar raw effluent wastewater compositions were used to feed both WWTPs (Table 1) . Hence, this field-scale experimental setup offered a very unique opportunity to demonstrate the effects of different WWTP reactors configuration on microorganism's community structure changes and putative pathogen reduction throughout the different processes. The overall bacteria community structure analyzed by the two-dimensional non-metric multidimensional scaling (NMDS) plot based on theta YC distance is shown in Fig. 2a . According to weighted UniFrac test, negligible bacteria phylogenetic distances (P<0.01) were verified among the pen floor (at WWTP 2) and all effluent samples analyzed from WWTP 1. These results served as circumstantial evidence to support that both WWTPs had similar bacteria diversity entering in the systems as inoculum. Significant discrepancy in bacteria phylogenetic distances (P<0.01) was only verified for the sample collected at the UASB effluent at WWTP 2. The bacterial OTU similarities among the samples were compared and demonstrated in a Venn diagram (Supplementary material, Figure S2 ). Bacteria communities identified on the pen floor sediment were mainly composed by the genus (% of the total 16S rDNA reads) Atopostipes (25), Anaerococcus (21), Ruminococcaceae (6), Clostridia (15), Escherichia/Shigella (5), and Lactobacillus (4) (Fig. 3) . These microorganisms are typically found colonizing the gastrointestinal tract (GIT) in mammals. Atopostipes have previously been reported in swine manure storage pit [28] . Anaerococcus belongs to the Clostridiales Family XI [29] and are classified as anaerobic saccharolytic, proteolytic butyrate producer [30] . Members belonging to the Ruminococcaceae family are typically found in the microbial community flourishing in the gut of mammals where they participate in the fermentation of dietary fibers (e.g., cellulose) producing butyrate [31] . These bacteria were also detected in effluent samples from bio1 and bio2 at WWTP 1 and UASB at WWTP 2 (Fig. 3) . Bacteria associated with Clostridia spp. were most abundant in effluent samples from anaerobic biodigesters at both WWTPs (Fig. 3) , corroborating with previous reports [32] . With a very versatile metabolic potential, these microorganisms can hydrolyze and acidify (ferment) organics present in swine manure [33] to sugars, ethanol, butanol, acetone, acetate, butyrate, lactate, and hydrogen [34, 35] . Acetate and butyrate are the Phylogenetic distances were determined with a phylip-formatted matrix using theta YC distance. Dendrogram structure was tested for statistical significance with a weighted UniFrac test predominant byproducts at neutral pH, which is typically found in swine wastewater biodigesters (Table 1) due to alkaline buffering capacity (5.1±0.3 g/L as CaCO 3 [36] ) and ideal conditions for the proliferation of homoacetogens. The thermodynamic feasibility of the process within the anaerobic biodigesters is controlled by hydrogenotrophic methanogens that act as H 2 scavangers. Lactobacillus belongs to a broad group of bacteria capable of metabolizing lactic acid as the sole or main end product of carbohydrate metabolism [36] . These microorganisms have been studied for their intrinsic health-promoting properties as probiotics. Members of the order Bacteroidetes were detected in effluent samples from both anaerobic biodigesters located at WWTP 1 (i.e., bio1, bio2) and WWTP 2 (i.e., UASB) (Fig. 3) . These hydrolytic bacteria capable of degrading polysaccharides [37] and producing propionate from dietary fibers [31] are commonly observed to thrive in anaerobic fermentative conditions tog e t h e r w i t h C l o s t ri d i a l e s , F i r m i c u t e s [ 3 8 ] , o r Ruminococcaceae [31] . Turicibacter was detected in all sampling locations from WWTP 1 (Fig. 3) as well as the final effluent sample from WWTP 2. This bacterial genus was previously found in swine gastrointestinal tract [39] , insect hindguts [40] , dairy wastewaters [41] , and raw milk samples [42] . Only one species named Turicibacter sanguinis (a chemo-organotrophic strictly anaerobic fermentative strain that is unable to reduce nitrate) was isolated [43] . However, the broader phylogenetic relationships and physiologic characteristics of the genus Turicibacter remain unclear. Mycobacteria were abundantly observed only in the final effluent from WWTP 2 (Fig. 3) . These bacteria can grow aerobically using ammonia and acetate [35] . A metabolic pathway involving nitrate reduction to nitrite by these bacteria was previously established and reported [35, 44, 45] . Thus, the use of air-sparging process at WWTP 2 to enhance nitrification/denitrification may have offered adequate environmental conditions to promote its proliferation.
Comparison of relevant bacteria genera encountered in effluent samples from the secondary and tertiary treatment processes of the two independent WWTPs evaluated is depicted in Figure S4 (supplementary information).
Bacterial Biomarkers
Treated effluents from WWTPs could still contain pathogenic bacteria, thus presenting a potential threat to public health [46, 47] . Examples of bacterial pathogens from swine wastewaters include the following: Enterococcus [48] , Salmonella [3] , Clostridium, Streptococcus, Lactobacillus, Mycobacterium, etc. [7] [8] [9] . Several bacteria that have restricted anaerobic enteric nature from warm-blooded animals [49, 50] are commonly used as indicators of environmental pollution by swine wastewaters. In this study, Escherichia [51] , Bacteroides, Prevotella [4, 52] , and Lactobacillus [8, 53, 54] were used as biomarkers to infer on the reduction of putative pathogens throughout both WWTPs studied.
Not surprising, the relative abundance of bacterial biomarkers was highest at the pen floor (Table 3) because of its direct exposure to fecal contamination. Salmonella spp., which are commonly reported in swine wastewaters [3, 4] , were not detected in any of the analyzed samples. Among the Fig. 3 The relative abundance of bacterial 16S rDNA genes found in sediment from the pen floor and effluent samples from two independent WWTPs. Sampling locations are depicted in Fig. 1 Data shown as percentage (%) of sample total reads. WWTP configurations and sampling locations are depicted in Fig. 1 biomarkers tested, Escherichia was only detected in the pen floor sediment (Table 3) . Thus, the usefulness of Escherichia as a biomarker for water contamination by swine wastewater may be limited to infer on recent outbreaks on fecal contamination by fresh, untreated swine wastewaters. Due to tropical conditions, the anaerobic biodigesters used in both WWTPs studied have been operated without a heating source to stimulate thermophilic conditions. Under mesophilic conditions, these anaerobic biodigesters may not remove pathogens effectively [3] . This could explain why bacteria pathogens were not completely removed during the anaerobic digestion processes in both WWTPs (Table 3) . Bacteroidetes (including a member of this phylum the clone vadin BC 27 previously found in anaerobic biodigesters [55] ) as well as Prevotella were detected in higher abundances in effluent samples from bio1 and bio2 (at WWTP 1) and UASB (at WWTP 2) ( Table 3 ). The relative abundance of putative pathogens was highest in the UASB effluent sample as compared to the anaerobic covered lagoons (i.e., bio1 and bio2). This could be related to UASB lower hydraulic retention times (HRT of 1 to 2 days) as compared to the anaerobic covered lagoons (30-35 days) which ultimately affects pathogen removal efficacy [27] . The survival of bacteria pathogens throughout wastewater treatment systems is recognized [46, 47] . In fact, the survival and proliferation of pathogens can be adversely exacerbated by the anaerobic system configuration and operational conditions [56] .
The relative abundance of biomarkers in the final effluent from WWTP 1 and WWTP 2 was <0.1 and 0.7 %, respectively ( Table 3 ). The natural attenuation lagoon at WWTP 1 served as a polishing step not only to remove nutrients (N and P) ( Table 1 ) but also to effectively reduce pathogens. The mechanism of pathogen removal in natural attenuation lagoons was likely associated to effluent exposure to sunlight as natural source of bacterial inactivation by UV light [57] . Regarding to pathogen reduction at WWTP 2, it is plausible to assume that nitrification/ denitrification processes followed by the phosphorus precipitation step which requires high pH (pH of 9) [57, 58] were the main mechanisms of bacteria inactivation. Despite the observed decrease in biomarker relative abundance throughout the treatment processes, however, a final disinfection/filtration step is still desirable to minimize or even eliminate concerns with infectious diseases due to proliferation of unwanted waterborne bacterial pathogens. This is particularly necessary when the treated effluent is considered for reuse [3] and needs to be handled to wash the pens.
Archaeal Community
Analyses of archaeal 16S rDNA amplicons revealed differences in microbial community composition among the samples analyzed. The overall archaea community structure analyzed by the two-dimensional non-metric multidimensional scaling (NMDS) plot based on theta YC distance is shown in Fig. 2b . Similar to what was determined for bacteria, significant archaeal phylogenetic distances (P<0.01; weighted UniFrac test) was only verified in the UASB effluent sample from WWTP 2. Thus, archaeal communities present in the UASB were very unique and distantly related to any other sample analyzed. The archaeal OTU similarity among the samples tested was compared and demonstrated in a Venn diagram ( Figure S3 ). The number of archaea OTUs found in bio1 and bio2 effluent samples at WWTP 1 was higher than in the UASB effluent sample at WWTP 2 ( Table 2) . Nonetheless, bacteria and archaeal phylogenetic diversity in the UASB sample were highest as indicated by Shannon index and the weighed UniFrac analyses.
Methanospirillum spp. were dominant in effluent samples from bio1 and bio2 at WWTP 1, representing ≥80 % of the total archaeal 16S rDNA analyzed. Members of this archaeal genus are hydrogenotrophic utilizing H 2 and CO 2 as substrate for growth [59, 60] but not acetate, pyruvate, methanol, ethanol, or benzoate [61] . Other archaeal genera observed in the effluent samples from bio1 and bio2 at WWTP 1 were related to Methanogenium (4 to 6 %), Methanobrevibacter (3 to 6 %), and Methanosarcina (1 to 3 %) (Fig. 4) . Archaeal communities' prevailing in the effluent samples from UASB at WWTP 2 was not markedly dominated by one genus, but notably more diversified than the samples from bio1 and bio2 at WWTP 1 (Fig. 4) . The methanogenic enrichment was related to (% of the total 16S rDNA relative abundance) M e t h a n o s p i r i l l u m ( 2 6 ) , M e t h a n o g e n i u m ( 2 3 ) , Methanobrevibacter (15), Methanocorpusculum (13), Methanosarcina (12), and Methanoculleus (8) (Fig. 4) . Comparison of relevant archaea genera encountered in effluent samples from the secondary and tertiary treatment processes of the two independent WWTP evaluated is depicted in Figure S5 (supplementary information).
Hydrogenotrophic methanogens Methanoculleus (8-10 % of the total archaeal 16S rDNA) and Methanocorpusculum (13-14 % of the total archaeal 16S rDNA) were only observed in effluents from WWTP 2 (Fig. 4) . Mesophilic Methanoculleus was previously reported to live syntrophically with acetate producers (e.g., Clostridia) [62] and play an important role in the anaerobic biodegradation of swine manure [63] .
Hydrogenotrophic methanogens Methanobrevibacter were detected in all analyzed samples (Fig. 4) . These microorganisms are found colonizing the gastrointestinal tract [64] , thus explaining their highest concentration (95 % of the total 16S rDNA relative abundance) in sample collected from the pen floor. Previous reports have also demonstrated their presence in swine waste storage pit [8] and anaerobic biodigesters [65] .
Methanosarcina population (as % of the total 16S rDNA) was higher in UASB effluent sample as compared to anaerobic covered lagoons (bio1 and bio2) effluent samples (Fig. 4) . Members of this genus are metabolically very versatile and capable of producing methane from all three known pathways, i.e., hydrogenotrophic, acetoclastic, and methylotrophic [66, 67] . Because these microorganisms have faster growth rates in the presence of elevated concentrations of acetate, its increased population could indicate overloading conditions in the UASB system [65] .
Methane production in the anaerobic biodigesters from both WWTPs was predominantly associated with the reduction of CO 2 with H 2 by hydrogenotrophic methanogens, corroborating with previous findings [8, 9] . This was not surprising because of the superior thermodynamic feasibility of hydrogenotrophic metabolism reaction as determined by the free Gibbs energy (ΔG°of −135.6 kJ/mol) as compared to acetoclastic (ΔG°of −31.0 kJ/mol). Moreover, the predominance of hydrogenotrophic methanogens can also be explained by the inhibitory effects of high ammonium concentration present in the anaerobic biodigesters (Table 1) on the ammonium-sensitive acetoclastic methanogens [68] .
As described above, the increased archaea communities' diversity encountered in the UASB effluent sample at WWTP 2 as compared to bio1 and bio2 at WWTP 1 can lead to positive implications on biogas productivity. This is because methane production can be somewhat limited to the establishment and growth of specific methanogen community rather than anaerobic volatile fatty acids (e.g., acetate) oxidizing bacteria [69] . Also, the stability of methanogenic bioreactors seems to depend on the diversity of the functional groups [70] . The close association of different types of microorganisms thriving in biofilm granules offers advantages to the individuals: protection from toxins, predators, and invasive species; resistance to high nutrients loads (i.e., C, N, P, and metals); higher probability of acquiring new genetic traits by horizontal gene transfer; and syntrophism that overcomes thermodynamic limitations. This could explain why UASB reactors are very capable of recovering rapidly from typical variations in raw wastewater physical-chemical characteristics and operational flaws [71] . As aforementioned, the increased microbial diversity found in the UASB effluent sample also suggests that it can be a suitable source of microorganisms as inoculum to the startup of new anaerobic biodigesters.
Conclusions
Bacterial and archaeal 16S rDNA pyrosequencing analyses performed in effluent samples from two independent and fullscale swine wastewater treatment plants served to improve our current understanding on microbiology at these systems. Bacteria and archaea diversities were significantly higher in UASB effluent sample. Among the biomarkers tested to infer on putative pathogens (i.e., Escherichia, Lactobacillus, Bacteroides, and/or Prevotella), Bacteroides and Prevotella were less sensitive to secondary and tertiary treatment processes which validates its usefulness as indicators to better predict potential environmental contamination by swine wastewaters. Satisfactory pathogen reduction was attained after tertiary open-pond natural attenuation lagoon treatment but not after the air-sparged nitrification/denitrification tank followed by alkaline phosphorus precipitation treatment. Thus, to minimize or even eliminate concerns on waterborne water pathogens that can have adverse implications on water reuse biosafety, a final disinfection treatment process is desirable. Among the identified archaea, hydrogenotrophic Methanoculleus and Methanocorpusculum were only observed in UASB effluent sample. The relative abundance of Methanosarcina was also notably much higher in the UASB effluent as compared to the anaerobic covered lagoons. The increased abundance of hydrogenotrophic methanogens (>80 % of the 16S rDNA relative abundance) provides fundamental information to support that methane production in Fig. 4 The relative abundance of archaeal 16S rDNA genes found in sediment from the pen floor and effluent samples from two independent WWTPs. Sampling locations are depicted in Fig. 1 swine anaerobic biodigesters is largely dependent on CO 2 reduction with H 2 in these anaerobic systems.
